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57 ABSTRACT 
A method and apparatus for introducing transient 
voices in an electronic musical instrument. It is the 
nature of some musical instruments such as a piano, 

harpsichord, or guitar to produce tones having a tran 
sient characteristic; however, instruments such as the 
trumpet, clarinet and pipe organ, which are considered 
to produce steady state tones, also exhibit transient 
characteristics at times. In general, transient effects in 
musical instruments can be characterized as combina 
tions of harmonic and amplitude variations over some 
time period. 
In order to more closely synthesize the sounds of musi 
cal instruments, the present invention employs a scheme 
whereby a sequence of voices, which may have differ 
ent harmonic and amplitude characteristics, are gener 
ated during the transient time period. This is accom 
plished through the use of a transient voice memory 
divided into 'n' voice zones. Each zone may contain 
the same or a different voice from every other zone in 
the memory. The use of multiple memories is also possi 
ble if desired. The present invention is particularly, 
suited for use in digital electronic musical instruments 
which generate attack and decay scale factors in re 
sponse to key depression and release. Using the instru 
ment's attack and decay counter means in conjunction 
with an attack and decay Zone decoder, one or more 
voice memory zones are selected from the respective 
memories for combining with the normal voice associ 
ated with the desired sound. The combined voice is then 
processed through the instrument in the usual fashion. 

18 Claims, 12 Drawing Figures 
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METHOD AND APPARATUS FOR INTRODUCING 
DYNAMIC TRANSENT VOCES IN AN 
ELECTRONIC MUSICAL INSTRUMENT 
BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention resides broadly in the field of elec 

tronic musical instruments, and is particularly adaptable 
for use in instruments employing a digital selection 
system for calling forth desired tones and voices from 
those available to be produced by the instrument. The 
principles of the present invention are applicable to 
electronic musical instruments in which musical sounds 
are generated in response to the actuation of key 
switches regardless of whether those switches are actu 
ated directly, i.e., by the musician's fingers, or indi 
rectly, by the plucking of strings. The term key is used 
in a generic sense, to include depressible levers, actuable 
on-off switches, touch or proximity responsive devices, 
closable apertures and so forth. The present invention 
relates to the characteristics of a musical note played on 
an electronic musical instrument. More particularly, the 
present invention relates to the transient voices which 
are dynamic in terms of amplitude and harmonics and 
often bear little resemblance to the final steady state 
tone normally associated with the instrument. 

2. Description of the Prior Art 
Heretofore, efforts to generate the characteristic 

transient voices of tones produced by electronic musical 
instruments have generally taken two approaches. The 
first approach employs a memory for storage of sam 
pled waveform information to provide a single dynami 
cally non-changing transient voice for the purpose of 
simulating chiff tone characteristics. Upon key actua 
tion, the voice is read from memory and combined with 
other selected tones. This approach lacked flexibility 
since there could be no variation in voices during the 
transient time period. The second approach is to modu 
late the harmonic content of the transient voice as a 
function of time by computing in real time the ampli 
tude contributions of constituent Fourier components. 
This system permitted amplitude and harmonic varia 
tion but does not utilize stored sampled amplitude 
waveform information. 

In accordance with the present invention there is 
provided a method and apparatus for introducing varia 
tions in amplitude and harmonic content of the charac 
teristic transient of tones produced in electronic musical 
instruments. 

SUMMARY OF THE INVENTION 
The present invention provides a new and unobvious 

means for achieving transient voice effects in an elec 
tronic musical instrument. Briefly, in accordance with 
the present invention there is provided a zone decoder 
which divides the transient voice period into “n” zones. 
Each zone may contain the same or different transient 
voice tones. 

In an electronic musical instrument upon depression 
or release of a key, a key depressed signal or a key 
released signal is applied to a counter clear pulse gener 
ating means. In response to either key signal, a counter 
clear pulse generating means produces a clear pulse, 
which is applied to an attack/decay counter. The at 
tack/decay counter is thereby cleared to zero count. A 
continuous running attack/decay counter signal source 
applies a counter advance signal to the attack/decay 

10 

15 

20 

25 

30 

35 

45 

50 

55 

65 

2 
counter. The output of the attack/decay counter which 
constitutes attack/decay addresses is applied simulta 
neously to an address to scale factor converter, an at 
tack/decay zone decoder and a maximum count de 
coder. The address to scale factor converter outputs 
scale factors to control the amplitude of the selected 
note during the attack and decay period. A maximum 
count decoder, a common component in the art, upon 
reaching a predetermined maximum count, produces a 
disable signal for terminating the output of the attack 
vdecay counter. The disable signal from the maximum 
count decoder is simultaneously applied to a transient 
effect enabling means, the purpose of which is to permit 
control over the transient voice effect. The attack 
/decay zone decoder in response to the attack/decay 
address signal will divide the attack and/or decay per 
iod into predetermined “n” zones and output a transient 
voice address signal for calling forth the selected zone 
or voice from the transient voice memory. The transient 
voice memory in response to the transient voice address 
signal from the attack/decay zone decoder, sample 
point addresses from the instrument's normal tone gen 
erator assignment logic, and the enable signal from the 
transient effect enabling means will output transient 
voice sample point data which is presented to an adder 
for combining with the regular voice sample point data 
output by regular voice memory before propagation to 
the audio ouput. Additionally, a means for employing 
multiple transient voice is disclosed. 
BRIEF DESCRIPTION OF THE DRAWINGS 

For the purpose of illustrating the invention, there are 
shown in the drawings forms which are presently pre 
ferred; it being understood, however, that the invention 
is not limited to the precise arrangement and instrumen 
talities shown. 

FIG. 1 is a block diagram of an electronic musical 
instrument embodying an apparatus for introducing 
dynamic transient voices in accordance with the present 
invention. 
FIG. 1A is a block diagram of an electronic musical 

instrument embodying an alternative apparatus in ac 
cordance with the present invention. 
FIG. 1B is an expanded block diagram of the alterna 

tive apparatus shown in FIG. 1A. 
FIG. 2 is a block diagram of a zone decoder suitable 

for use in the alternative embodiment of the present 
invention. 
FIG. 3 is a block diagram of a transient effect en 

abling means (decoder) suitable for use in the present 
invention. 

FIG. 3A is a block diagram of an alternative transient 
effect enabling means suitable for use in the present 
invention. 
FIG. 4 is a logic diagram of a counter clear pulse 

generating means suitable for use in the present inven 
tion. 

FIG. 5 is a logic diagram of an address to scale factor 
converter suitable for use in the present invention. 
FIG. 5A is a block diagram of an alternative embodi 

ment for an address to scale factor converter. 
FIG. 6 is a block diagram of an electronic musical 

instrument employing multiple transient voice memo 
ries in accordance with the present invention. 
FIG. 6A is a partial block diagram of an alternative 

embodiment of FIG. 6. 
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FIG. 7 is a logic diagram of a keyboard area latch 
used in the multiple memory embodiment in accordance 
with the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

The following detailed description is of the best pres 
ently contemplated modes of carrying out the present 
invention. This description is not intended in a limiting 
sense, but is made solely for the purpose of illustrating 
the general principles of the invention. 

Referring now to the drawings in detail, wherein like 
numerals indicate like elements, there is shown in FIG. 
1 a schematic diagram, in block form, of an electronic 
musical instrument embodying the present invention. 
An electronic musical instrument or digital electronic 
musical instrument in which the present invention may 
be applied and used are described in detail in U.S. Pat. 
No. 3,610,799, of which the inventor was George A. 
Watson. Reference may be had to this patent for de 
tailed descriptions of components referred to herein 
other than the instant invention producing structural 
relationships in accordance with the invention. In FIG. 
1 there is shown a keyboard 10 composed of a plurality 
of key switches or keys. The key switches or keys are 
used in the generic sense and will be referred to herein 
as keys, being the keys of various electronic musical 
instruments. The activity of a key on keyboard 10 is 
encoded in a time-division multiplexed format by Key 
board Multiplexer 12. The multiplexed signal encoded 
by Keyboard Multiplexer 12 is presented to Generator 
Assignment Logic 13. One function of Generator As 
signment Logic 13 is to capture a multiplexed channel 
of the audio waveshape generator, in behalf of the ac 
tive key as indicated by the multiplexed encoding signal 
from Keyboard Multiplexer 12. That portion of FIG. 1 
enclosed by dashes represents a simplified audio wave 
shape generator as disclosed in U.S. Pat. No. 3,610,799. 
The time division relationship between the multiplexed 
signal of Keyboard Multiplexer 12 and the multiplexed 
channels of the Audio Wavehshape Generator typically 
allots a time slot of 12 seconds to each key of the 
keyboard, and the audio waveshape generator typically 
has twelve multiplexed channels, each channel being 
allocated a timeslot of 1p, second. Therefore, during the 
time slot period of any key there are twelve individual 
multiplexed channels available for capture. Referring 
now to FIG. 1, Attack/Decay Counter Signal Source 
26 may be a repetitive square wave signal which is 
proportioned to the audio frequency of the associated 
note, or a repetitive square wave which is frequency 
adjustable but remains constant over the entire key 
board. In the first case the signal source could be one of 
the sample point addresses from Address Decoder 16 of 
FIG. 1, and in the second case the signal source could 
be a multivibrator, which is familiar to those skilled in 
the art. In the preferred embodiment, Attack/Delay 
Counter 28 is a 32 state counter; however, the number 
of states could be any practical value; the more states 
the better resolution or smoothness of note amplitude 
during the attack and decay. The signal from Attack 
/Decay Counter Signal Source 26 provides a counter 
advance signal which is applied to Attack/Decay 
Counter 28. A clear pulse from Counter Clear Pulse 
Generating Means 24 provides for the resetting of At 
tack/Decay Counter 28. FIG. 4 is a simple embodiment 
of a Counter Clear Pulse Generating Means suitable for 
use in the present invention. The key depressed signal 
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4. 
and the key released signal are signals available from 
Generator Assignment Logic 13 of FIG. 1. These sig 
nals are simply indications of the key activity and may 
be generated in a number of ways. One method of gen 
erating these signals in a manner compatible with the 
present invention is disclosed in U.S. Pat. No. 3,610,799. 
The count from Attack/Delay Counter 28 is simulta 
neously applied to Maximum Count Decoder 30, Tran 
sient Voice Memory 35, and Address to Scale Factor 
Converter 22. 
Maximum Counter Decoder 30 between zero count 

and a predetermined maximum count minus one will 
provide a logic “1” simultaneously to Attack/Decay 
Counter 28 and to Transient Effect Enabling Means 34. 
Upon reaching the predetermined maximum count, 
Maximum Count Decoder 30 will output logic “0” 
which will simultaneously disable Attack/Decay 
Counter 28 and Transient Effect Enabling Means 34. 
Thus, there is a feedback loop whereby the Attack 
/Decay Addresses generated by Attack/Delay Counter 
28 are decoded in Maximum Count Decoder 30 and a 
disable signal output is generated upon a predetermined 
count. This provides a simple means for synchronizing 
the present invention with the normal function of the 
instrument. 

Transient Effect Enabling Means (decoder) 34 of 
FIG. 1 provides a decoder means for selecting the mode 
or modes during which Transient Voice Memory 35 of 
FIG. 1 will have an output. FIG. 3 is the logic diagram 
for Transient Effect Enabling Means 34 of FIG. 1 as 
presently utilized in the preferred embodiment. The 
function of Transient Effect Enabling Means 34 is re 
lated to the instrument Attack/Decay Signal. 
To facilitate an understanding of Transient Effect 

Enabling means 34, the characteristics of an attack 
/decay signal as utilized in the preferred embodiment of 
the present invention will be defined as follows. The 
attack/decay signal is a digital signal whose logical 
states are used to distinguish the attack mode from the 
decay mode. For example, the attack/decay signal 
could be such that a logic “1” would represent the 
attack mode and logic “0” the decay mode. In the nor 
mal organ mode, that in which the instrument produces 
a sound as long as the key remains depressed, the signal 
assumes a logic “1” upon key depression and remains at 
logic “1” until the key is released. Upon key release the 
signal assumes logic “0” and the sound level decreases 
to zero. In the piano or percussion mode, that in which 
the instrument responds to a key depression such that 
the audible effect is one of rapidly rising attack to full 
scale followed immediately by decay, the attack/decay 
signal assumes logic “1” during the attack and after 
reaching full scale assumes logic “0” thereby causing 
decay. A detailed explanation of the Attack/Decay 
Signal and a means of generating a signal compatible 
with the preferred embodiment may be found in U.S. 
Pat. No. 3,610,799. 
With the above characteristics in mind, it becomes 

possible to further describe the function of Transient 
Effect Enabling Means 34 of FIG. 1. The Attack 
/Decay Signal is applied directly to "AND" gate 51 
and after inversion in inverter 50 is applied to “AND” 
gate 52. The output of Maximum Count Decoder 28 of 
FIG. 1 is applied simultaneously to "AND" gates 51, 
52, and 53. A D.C. power supply representative of a 
logic “1” level is provided to "AND" gates 51, 52, and 
53 via Transient Effect Switch 54. When switch 54 is 
closed, the level "1" is applied to "AND" gates 51, 52 
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and 53, and when opened, a level "0" is applied to 
"AND" gates 5A, 52, and 53. The "O' level is assured by 
virtue of resistor 55 going to "O' level. 
The operation of Transient Effect Enabling Means 

(decoder) 34 of FIG. A is easily understood. The At 
tack/Decay Signal during the attack period is a level 
"l'. Since maximum count has not yet been decoded, 
the signal from Maximum Count Decoder 30 of FIG. 1 
is a level “1”. Closing Transient Effect Switch 54 pro 
vides a level '1'. This combination results in "AND' 
gate 5i having a level '1' output, which will enable 
Transient Voice Memory 35 of FIG. 1. As explained 
herein above, the Attack/Decay Signal during the 
decay period is a level "0". Therefore, “AND” gate 51 
will not have a level "1" output during decay mode. 
However, due to Inverter 50 “AND” gate 52 will now 
output the enable signal to Transient Voice Memory 35 
during the decay period. In the case where the transient 
voice effect is desired during both attack and decay 
periods, there is no need to decode the Attack/Decay 
Signal. The signal from Maximum Count Decoder 34 of 
FIG. and the level '1' from Transient Effect Switch 
54 only are applied to “AND” gate 53 which will out 
put an enable signal during both attack and decay. 

It will be obvious to one skilled in the art that an 
external selection switch may be provided to allow the 
player to select the desired transient effect. In addition, 
it should be obvious that Transient Effect Switch 54 is 
not an essential component and is used as an engineering 
consideration to avoid possible interference from elec 
trical noise in the environment. A simpler Transient 
Effect Enabling Means is shown in FIG. 3A. 
Transient Voice Memory 35 of FIG. 1, in the pre 

ferred embodiment, is a programmable read only men 
ory which is a readily available commercial component, 
i.e., Intel Corporation PROM, Type 1702. A non-pro 
grammable read only memory, such as intel Corpora 
tion ROM, Type 1302, could be used in the present 
invention. However, in the preferred embodiment the 
flexibility available with a programmable memory is 
desired. Transient Voice Memory 35 has a capacity for 
holding “n” different voices. For the purpose of this 
disclosure, the preferred embodiment has a four zone 
memory. The decoding logic for segmenting the mem 
ory into four zones is contained within Transient Voice 
viemory 35 as part of the normal address decoding 
logic. The two most significant address bits from At 
tack/Decay Counter 28 of FIG. are connected to 
their respective most significant address bits in Memory 
35 for use as coded zone inputs. This decoding effects a 
sequential addressing or enabling of each zone of the 
memory individually, thereby calling out the voice 
information contained in the respective zone. Within a 
given zone, Memory 35 is further divided into sample 
point data locations which are accessed by the lower 
order address bits. This bit information is provided by 
the Address Decoder 6 of FIG. and is labeled as 
Sample Point Addresses. As stated herein above, Tran 
sient Effect Enabling Means 34, in response to Maxi 
mum Count Decoder 30 and the Attack/Decay Signal, 
will output an enable signal from the selected “AND” 
gate which will enable Transient Voice Memory 35. 
Once enabled, each zone of the memory is decoded and 
each sample point within a zone is decoded, thereby 
resulting in the output of Transient Voice Sample Point 
Data as called for by the Sample Point Addresses. 
An alternate embodiment of Transient Voice Mem 

ory 35 is shown in FIG. A. In this embodiment an 
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6 
Attack/Decay Zone Decoder 32 has been inserted be 
fore the Transient Voice Memory 36. Transient Voice 
Memory 36 is further shown in F.G. Bas being multi 
ple memories. The number of memories may be any 
number up to “n” since there are to be 'n' zones as 
decoded in Attack/Decay Zone Decoder 32 of FIG. 
A. The Attack/Decay addresses are inputted into 
Attack/Decay Zone Decoder 32 in the same manner as 
they are inputted to Transieni Voice Memory 35 of 
FIG. A. FIG. 2 is one possible embodiment of Attack 
/Decay Zone Decoder 32. The five bit attack/decay 
addresses from Attack/Decay Counter 28 in FIG. are 
decoded using a method familiar in the art. Decoding 
the two most significant bits is sufficient to divide the 
total count of the transient period into four zones. If 
more zones are desired, additional bits may be decoded. 
Hence, decoding the three most significant bits would 
divide the transient period into eight Zones. In the pres 
ent embodiment, decoding all five bits would produce 
thirty-two zones. While the number of zones is a practi 
cal consideration, it is theoretically possible to achieve 
“n” zones, where “n” is equal to the number of states of 
Attack/Decay Counter 28. 
The outputs of Attack/Decay Zone Decoder 32 are 

applied to the respective zone memories 36-1 through 
36-n which receive in common the output of Transient 
Effect Enabling Means 34. Each memory will output 
the Transient Voice Sample Point Data for the associ 
ated zone as called for by the Sample Point Addresses. 
The Transient Voice Sample Point Data from the tran 
sient voice memory (ies) is combined with the instru 
ment's Regular Voice Sample Point Data in Adder 38 
of FIG. 1, and the combined signal is applied to one 
input of Attack/Decay Scaler 20 of FIG. i. Adder 38 
may be any arithmetic function; however, in the pre 
ferred embodiment it has been determined that the addi 
tion of the transient voice data is more desirable. 

It is also possible to use the present invention without 
the addition or summing with regular voice informa 
tion. For example, if it were found desirable to have a 
memory dedicated to a particular instrument, say a 
trumpet, the output of the transient voice memory 
could be applied directly to Attack/Becay Scaler 20 of 
FIG. ii, or the regular voice output could be shunted off 
before Adder 38 of FIG. i. In this embodiment the 
zones of the memory would function as described 
herein and would contain only voice information for 
the designated instrument. Thus, memory zones one 
through "n-1” would contain the transient voice of the 
instrument and the nth zone would contain the steady 
state voice. 
The Scale Factors frozin. Address to Scale Factor 

Converter 22 of FIG. 1 are applied to the other input of 
Attack/EDecay Scaler 20. The function of Address to 
Scale Factor Converter 22 is to provide scale factors 
which go from "0" state to the “1” state during attack 
periods and from the “1” state to the "O" state during 
decay periods. The converter is necessitated by the 
nature of the Attack/Decay Addresses from Attack 
/Decay Counter 28 of FiG. i. The Attack/Decay Ad 
dresses are such that when a key is actuated to begin the 
attack period or is released to begin the decay period, 
the addresses begin at the "O' state and increase in a 
binary fashion until the all “1” state is reached. This is 
easily understood considering that Attack/Decay 
Counter 28 is a common binary counter and that 
Counter Clear Pulse Generation Means 24 of FIG. It is 
simply an “OR” gate which received the key depressed 
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or key released signal and outputs a logic “1” in re 
sponse thereto. It therefore becomes obvious that the 
counter output does not discriminate between attack 
and decay periods. 
FIGS. 5 and 5A illustrate alternative methods of 5 

achieving scale factors which increase during attack 
periods and decrease during decay periods. In FIG. 5 
the attack and decay addresses from the counter are 
applied to the one input of exclusive NOR gates 500. 
The second input to exclusive NOR gates 500 is the 
attack and decay signal which is a “1” during attack and 
a "0" during decay. During the attack time the exclu 
sive NOR gates 500 function as non-inverting elements 
and thus the resulting scale factor outputs are identical 
to the address inputs. During the decay time the exclu 
sive NOR gates function as inverting logic elements and 
thus present scale factors which go from the all "1" 
state to the all "0" state as the input addresses go from 
all "0" to all “1”. This implementation results in a linear 
progression of scale factors for both attack and decay. 
FIG. 5A uses a read only memory to accomplish the 
conversion. In this case the addresses from the counter 
address the memory which contains the desired pro 
gression of scale factors. A two section memory is used 
with one section storing the attack scale factors and the 25 
other storing the decay scale factors. The selection of 
the attack scale factors or decay scale factors is accom 
plished by the most significant bit address of the mem 
ory which is driven by the attack/decay signal. This 
implementation allows for non-linear as well as linear 
scale factor progressions. 
Attack/Decay Scaler 20 of FIG. 1 is a multiplier 

which will be familiar to those skilled in the art. The 
function of the Attack/Decay Scaler is to assure a 
smooth progression in note amplitude from 0 to full 
scale during attack and from full scale to 0 during de 
cay. In essence the attack Scale Factors are increasing 
fractional values which are multiplied with full ampli 
tude regular voice sample point data to achieve note 
attack; the decay Scale Factors are decreasing frac 
tional values which are multiplied with full amplitude 
regular voice sample point data to achieve note decay. 
The signal output by Attack/Decay Scaler 20 is treated 
in the usual fashion. 

Frequently it is desirable to have more than one set of 45 
transient voices available in a given instrument. FIG. 6 
is a block diagram of an electronic musical instrument 
employing "m' different transient voice memories. In 
electronic musical instruments having more than one 
transient voice set, it is often desirable to have different 
keyboards or different areas within a keyboard associ 
ated with a different transient voice. This voice associa 
tion may be effected in various ways. It may be associ 
ated by keyboard, by keyboard octave area, by multiple 
octave areas, by upper and lower half of the keyboard, 55 
or any other of a number of different ways. 

In the preferred embodiment where the number of 
tone generators is less in number than the number of 
keys available for selection, it is possible that any actu 
ated key may be assigned to any available tone genera 
tor. Therefore a keyboard area latch is provided as a 
means for storing the keyboard area information associ 
ated with an actuated key and for making the informa 
tion available to the instrument system. 
F.G. 7 is one implementation of a keyboard area latch 

which will provide keyboard area information. The 
latch in this embodiment is organized to provide key 
board area information based on an octave relationship; 
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however, it will be obvious that the organization of the 
keyboard area information may be according to key 
board, note or any other division among or within the 
keyboard(s). Thus in this example all the keys within an 
octave will be associated with a particular transient 
voice. Keyboard octave information from the Key 
board Multiplexer 12 of FIG. (see U.S. Pat. No. 
3,610,799 for detailed description of keyboard multi 
plexer) is encoded as shown in FIG. 7. The method of 
encoding is binary and will be obvious to those skilled in 
the art. It should be noted that as a function of the 
instrument keyboard multiplexer there will always be a 
positive going pulse on one of the eight keyboard Oc 
tave Information lines. The encoded outputs from OR 
gates 60 are applied in parallel to one input of the re 
spective AND gates 62. The second input to AND 
gates 62 is the common Set Claim Signal from Genera 
tor Assignment Logic 3 of FIG. 1. A detailed descrip 
tion of the Set Claim Signal is given in U.S. Pat. No. 
3,610,799 (see FIG.7B). For the purpose of this descrip 
tion it is sufficient to state the Set Claim Signal is a 
positive going pulse which is generated when a key 
among Key Switches 10 of FIG. i is newly actuated. As 
a function of "AND" gate logic the respective gates 
among AND gates 62 will only have an output when 
there is coincidence of high logic 1 on Set Claim Signal 
and the binary code input. The output of the respective 
AND gates 62 will be applied to one input of the respec 
tive OR gate among OR gates 64. The individual output 
from each OR gate among OR gates 64 is applied indi 
vidually to its associated shift register among shift regis 
ters 68. The number of states in each shift register is 
equal to the number of tone generator channels in the 
system. Thus, there is a correlation between the stages 
in the shift register and a tone generator channel. The 
signals applied to the shift registers 68 are clocked into 
the first stage by the system clock. As the tone genera 
tor channels are multiplexed, the coded keyboard oc 
tave information is shifted through the respective stages 
of the shift register and is applied to one input of the 
respective AND gate among AND gates 66. The sec 
ond input of AND gates 66 receives a common Note 
Generator Claimed Signal from Generator Assignment 
Logic 13 of FIG. 1. The Note Generator Claimed Sig 
nal is such that the logic “1” indicates a claimed note 
generator channel and the logic “0” indicates an un 
claimed note generator channel. A more detailed de 
scription of the Generator Channel Signal is set forth in 
FIG. 7A, 7B, U.S. Pat. No. 3,610,799. Thus, when a 
note generator channel is claimed, a logic “1” will be 
coincident with that of the shift register stage and per 
mit the respective AND gate 66 to pass the coded key 
board octave through to the second input of the associ 
ated OR gate among OR gates 64. This logic circuit will 
be recognized as a recirculating storage loop for the 
coded keyboard octave information. An unclaimed 
signal on the Note Generator Claimed Signal will block 
the recirculation of the coded keyboard octave informa 
tion; hence, that information will be unlatched. 
When information associated with an active key ad 

vances to the final stage of the respective shift register, 
it is presented to a decoder formed by the multiple input 
AND gates 72. All of the AND gates 72 have a com 
mon input which is the Enable signal from Transient 
Effect Enabling Means 34 of FIG. 1. Referring to FIG. 
7, it will be noted that the output of the final stage of the 
shift register is also simultaneously applied to its associ 
ated inverter among invertors 70. The function of the 
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inverters 70 is to assure that only those AND gates 
among AND gates 72 associated with a shift register 
stage containing keyboard octave information will have 
an output. This decoding method is familiar to those 
skilled in the art. The signals as output by this decoding 
circuit are applied to their respective memories and 
perform the function of the Transient Voice Memory 
enable signal as described hereinabove. 

Additionally, as shown in FIG. 6A it is possible to 
employ the alternate Transient Voice Memory scheme 
disclosed hereinabove and shown in FIG. 1B. The use 
of the alternate Transient Voice Memory scheme will 
permit a total of men different transient voices over the 
keyboard. 
The present invention may be embodied in other 

specific forms without departing from the spirit or es 
sential attributes thereof and, accordingly, reference 
should be made to the appended claims rather than to 
the specifications as indicating the scope of the inven 
tion. 

I claim: 
1. In a digital electronic musical instrument having 

switches selectively actuable to cause the production of 
sounds corresponding to respective notes of a musical 
scale, an apparatus for introducing additional voices 
comprising: 
means for generating note attack/decay addresses, 
first decoder means for decoding said attack/decay 

addresses and upon decoding a predetermined 
count outputting a disable signal, 

means for generating a note attack/decay signal, 
second decoder means to receive said first decoder 

output and said attack/decay signal for outputting 
an enable signal, 

means for generating sample point addresses, 
memory means for storing sample point data for a 

plurality of voice zones and outputting said voice 
Zone sample point data as called for by said sample 
point addresses in response to said enable signal 
and said attack/decay addresses. 

2. The apparatus of claim 1 wherein said memory 
means for storing sample point data is a digital program 
mable read only memory. 

3. The apparatus of claim 1 wherein said memory 
means for storing sample point data is a digital non-pro 
grammable read only memory. 

4. In a digital electronic musical instrument having 
switches selectively actuable to cause the production of 
sounds corresponding to respective notes of a musical 
scale, an apparatus for introducing additional voices 
comprising: 
means for generating note attack/decay addresses, 
first decoding means for decoding said attack/decay 

addresses and upon decoding a predetermined 
count outputting a disable signal, 

zone decoding means for decoding said attack/decay 
addresses and outputting Zone enabling signals to 
the respective zones of a memory, 

means for generating a note attack/decay signal for 
distinguishing the attack mode from the decay 
mode, 

second decoding means responsive to said first de 
coder output and said attack/decay signal for out 
putting an enabling signal to a memory, 

means for generating sample point addresses, 
memory means for storing sample point data for a 

plurality of voice zones and outputting said voice 
sample point data as called for by said sample point 
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10 
addresses in response to said memory enabling 
signal and said zone enabling signal. 

5. The apparatus of claim 4 wherein said memory 
means for storing sample point data is a plurality of 
memories, each memory storing sample point data for a 
single zone and outputting said voice sample point data 
as called for by said sample point addresses in response 
to said memory enabling signal and said Zone enabling 
signal. 

6. The apparatus of claim 5 wherein each memory 
among said plurality of memories for storing sample 
point data is a digital programmable read only memory. 

7. The apparatus of claim 5 wherein each memory 
among said plurality of memories for storing sample 
point data is a digital non-programmable read only 
memory. 

8. In a multiplexed digital electronic musical instru 
ment having more switches selectively actuable, then 
note generators available to cause the production of 
sounds corresponding to respective notes of a musical 
scale, an apparatus for introducing additional voices 
comprising: 
means for generating attack/decay addresses, 
first decoder means for decoding said attack/decay 

addresses and upon decoding a predetermined 
count outputting a disable signal, 

means for generating a note attack/decay signal, 
second decoder means for receiving said first decoder 

output and said attack/decay signal for outputting 
an enabling signal, 

means for generating keyboard area information data 
signal, 

means for generating a note generator claimed signal, 
means for generating a note generator set claim sig 

nal, 
latch means for receiving said keyboard area informa 

tion data signal, said note generator claimed signal, 
said note generator set claim signal and said second 
decoder enabling signal for outputting a plurality 
of keyboard associated enabling signals, 

means for generating sample point addresses, 
a plurality of memory means equal in number to said 

plurality of latch means enabling signals, each 
memory means for storing a plurality of voice zone 
sample point data and outputting said sample point 
data as called for by said sample point addresses in 
response to a respective enabling signal among said 
plurality of latch means enabling signals and said 
attack/decay addresses. 

9. The apparatus of claim 8 wherein said plurality of 
memory means for storing sample point data are digital 
non-programmable read only memories. 

10. The apparatus of claim 8 wherein said plurality of 
memory means for storing sample point data are digital 
programmable read only memories. 

11. In a multiplexed digital electronic musical instru 
ment having more switches selectively actuable than 
note generator available to cause the production of 
sounds corresponding to the respective notes of a musi 
cal scale, an apparatus for introducing additional voices 
comprising: 
means for generating note attack/decay addresses, 
first decoder means for decoding said attack/decay 

addresses and upon decoding a predetermined 
count outputting a disable signal, 

Zone decoding means for decoding said attack/decay 
address and outputting 'n' zone enable signals, 

means for generating a note attack/decay signal, 
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second decoder means to receive said first decoder 

output and said attack/decay signal for outputting 
an enabling signal, 

means for generating keyboard area information data 
signal, 5 

means for generating a note generator claimed signal, 
means for generating a note generator set claim sig 

nal, 
latch means for receiving said keyboard area informa 

tion data signal, said note generator claim signal, 
said note generator set claim signal and said second 
decoder enabling signal for outputting a plurality 
of keyboard associated enabling signals, 

means for generating sample point addresses, 
a plurality of memory means at least equal in number 

to said 'n' zone enable signals for storing voice 
Zone sample point data and outputting said voice 
zone sample point data as called for by said sample 
point addresses in response to an associated enable 
signal among said plurality of latch means enabling 
signals and an associated zone enable signal among 
said 'n' zone enable signals. 

12. The apparatus of claim 11 wherein said plurality 
of memory means for storing sample point data are is 
digital non-programmable read only memories. 

13. The apparatus of claim 11 wherein said plurality 
of memory means for storing sample point data are 
digital programmable read only memories. 

14. The apparatus of claim 11 wherein said plurality 30 
of memory means for storing sample point data equals 
the product of said latch means enabling signals and said 
second decoder “n” zone enable signals. 

15. The apparatus of claim 14 wherein said plurality 
of memory means for storing sample point data are 35 
digital non-programmable read only memories. 

16. The apparatus of claim 14 wherein said plurality 
of memory means for storing sample point data are 
digital programmable read only memories. 

17. In a digital electronic musical instrument having 40 
switches selectively actuable to cause the production of 
sounds corresponding to respective notes of a musical 
scale, a method for introducing additional voices com 
prising: 

a. generating note attack/decay addresses, 45 
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b. decoding said attack/decay addresses and upon 

decoding a predetermined count outputting a dis 
able signal, 

c. generating a note attack/decay signal, 
d. decoding said disable signal and said attack/decay 

signal and outputting an enable signal, 
e. generating sample point addresses, 
f. storing in a memory the sample point data for a 

plurality of voice zones and outputting said voice 
zone sample point data as called for by said sample 
point addresses in response to said enable signal 
and said attack/decay addresses. 

18. In a digital electronic musical instrument having 
switches selectively actuable to cause the production of 

15 sounds corresponding to respective notes of a musical 
scale, a method for introducing additional voices com 
prising: 

a. generating note attack/decay addresses, 
b. decoding in a first decoder means said attack 

/decay addresses and upon decoding predeter 
mined count outputting a disable signal, 

c. decoding in a zone decoder means said attack 
/decay and outputting "n' zone enable signals, 

d. generating a note attack/decay signal, 
e. decoding in a second decoder means said first de 
coder output and said attack/decay signal and out 
putting an enable signal, 

f, generating a keyboard area information data signal, 
g. generating a note generator claimed signal, 
h. generating a note generator set claim signal, 
i. latching in a latch means said keyboard area infor 

mation, said note generator claim signal, said note 
generator set claim signal and said second decoder 
enable signal and outputting a plurality of key 
board associated enabling signals, 

j. generating sample point addresses, 
k. storing in a plurality of memory means at least 

equal in number to said "n' zone enable signals 
voice Zone sample data and outputting said voice 
zone sample point data as called for by said sample 
point addresses in response to an associated enable 
signal among said plurality of latch means enabling 
signals and an associated zone enable signal among 
said second decoder "n” zone enable signals. 


